Coupling of the peroxidase and cyclooxygenase reactions of prostaglandin H synthase.
Interrelations between peroxidase and cyclooxygenase reactions catalyzed by prostaglandin endoperoxide synthase (prostaglandin H synthase) were analyzed in terms of the mutual influence of these reactions. The original branched-chain mechanism predicts competition between these two reactions for enzyme, so that peroxidase cosubstrate should inhibit the cyclooxygenase reaction and the cyclooxygenase substrate is expected to inhibit the peroxidase reaction. In stark contrast, the peroxidase reducing substrate is well known to strongly stimulate the cyclooxygenase reaction. In the present work the opposite effect, the influence of the cyclooxygenase substrate on the peroxidase reaction was studied. Experiments were conducted on the effect of arachidonic acid on the consumption of p-coumaric acid by prostaglandin H synthase and 5-phenyl-4-pentenyl-1-hydroperoxide. Neither the steady-state rates nor the total extent of p-coumaric acid consumption was affected by the addition of arachidonic acid. This suggests that the cyclooxygenase substrate does not influence observable velocities of the peroxidase reaction, namely oxidation and regeneration of the resting enzyme. The data support coupling of the cyclooxygenase and peroxidase reactions. A combination of the branched-chain and tightly coupled mechanisms is proposed, which includes a tyrosyl radical active enzyme intermediate regenerated through the peroxidase cycle. Numerical integration of the proposed reaction scheme agrees with the observed relations between peroxidase and cyclooxygenase reactions in the steady state.